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doideae encompasses ca. 190 genera (for more de- vouchers of a single taxon are given here. In ad-

tails see: "Tribal disposition of Periploeoideae and dition, vouchers for chromosome measurements

Asclepiadoideae genera," <http://www.uni-bayreuth. that are based on plants with already published

de/departrnents/planta2/>) and more than 2500 spe- chromosome numbers are included in Appendix 1.

cies. Relationships within this subfamily are most This material is marked by an asterisk (*). For the

accurately represented by four tribes: the basal different calculations, we considered literature data

Fockeeae, the Marsdenieae, the Ceropegieae Orb. as far as possible, except for information that was

(this name replaces the up to recently used but either unreliable or doubtful (e.g., for invalid and

younger name Stapelieae Decne.; cf. Endress & dubious taxa, presumably wrong counts, etc.).

Bruyns, 2000), and the Asclepiadeae, which prob- Chromosome numbers published without voucher

ably is the most advanced. The latter is subdivided provenance have been excluded as well, since the

997

volume).

s chance of including numbers being attributed to

incorrectly determined plants increases consider-

Many studies have demonstrated the taxonomic ably using undocumented material.

value of chromosomal information in the plant king- Information on Apocynoideac and Kauvolfioi-

dorn in general (Stebbins, 1971; Lewis, 1980). In deae is mainly based on Van der Laan and Arends

Asclepiadoideae, however, due to the dominance of (1985). Information on Apocynaceae s.l. is supple-

2n = 22 and a "small" chromosome size, chro- mented by data extracted from Darlington and Wy-

mosomal data have been little used. Only rarely has lie (1955), Fcdorov (1974), and various volumes of

karyology, in particular polypoidy, been utilized to the Index to Plant Chromosome Numbers edited by

support taxonomic conclusions or phylogenetic con- Ornduff (1967), Moore (1973, 1974, 1977), Gold-

siderations (Meve, 1995a, 1997a). The study pre- blatt (1981, 1984, 1985, 1988), and Goldblatt and

sented here is the result of a long-term project, Johnson (1990, 1991, 1994, 1996, 1998).

which was initiated by the late (i. Reese (Kiel),

with chromosome counts for stapeliads (Reese, METHODS
1971; Reese & Kressel, 1967) and continued by

us. A summary of the previous literature and a first Chromosome numbers and chromosome sizes

overview were given by Albers (1983), and many were established from adventitious root tip squash

of the further counts have been published in Albers preparations. Ten mitotic metaphase plates from

(1974, 1975, 1976, 1977, 1981), Albers and Delfs different root tips of each sample were investigated,

(1983), Albers and Austmann (1987), and Albers though ten plates were not available in ca. one third

et al. (1988, 1990). In the last 20 years we have of the samples due to the lack of actively growing

mann, 1993).

emphasized karyotype length investigations in ad- root tips. The root tips were prepared as follows:

dition to the mere chromosome counts, and with the pre-treatment in 0.002 M hydroxyquinoline for 4

standard use of well-documented voucher material. hr. at 20°C (Tjio & Levan, 1950); fixation in Car-

We expanded the study to all tribes of 1 lie- Ascle- noy's solution for 24 hr. at 20°C; staining in car-

piadoideae (cf. Albers, 1983; Albers et al., 1993; mine for 24 hr. at 60°C (Snow, 1963). For eytolog-

Meve, 1999), as well as to Periploeoideae and Se- ieal investigation a Leitz Orthoplan microscope was

camonoideae (Appendix 1). In addition, research used. The total lengths of all chromsomes in the

included measurements of the l)N A content (Hues- genome were measured on maximally contracted

chromosomes on the basis of camera lucida pencil

drawings. Control (digital) measurements of the

karyotype length were done by using the Leitz Or-

thoplan microscope in connection with a Leica

Quantiment 500 (software OWIN). Measurements

The data gathered and used in this paper re- of the mean value, standard deviation, and error

garding Periploeoideae, Secamonoideae, and As- were part of the Leica program,

clepiadoideae are based mainly on our own inves- For fixations of Feulgen cytophotometric mea-

tigations. Appendix 1 summarizes our recent surements of relative 2C I)N A content Carnoy's so-

findings and includes two types of data: first chro- lution was used (24 hr., 4°C) after pretreatment with

mosome counts for taxa, which are unmarked, and 0.002M hydroxyquinoline for 4 hr.; ten fixed root

Matkrial and Mktiiods

MATERIALS

counts confirming previous chromosome numbers, tips from each taxon were hydrolyzed in 5M IICI

preceded by a hatch symbol (#). Where for 80 min. at 20°C, washed in distilled water forwhicl l are

the same chromosome number was counted for dif- 10 min., and stained in Feulgen reagent for 80 min.

ferent geographic regions, sometimes two different at room temperature. The washed root tips were
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Table I. Number and distribution <>f karyologieally known species, subspecies, and varieties in Periplocoideae,

Seeamonoideae, and Asclepiadoideae (number of karyologieally known genera in parentheses following the tribal

names).
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deviate from ihis. Among the deviant Na.se numbers

<>l a Zeiss scanning microscope photometer (SMI*

incubated in \?> c
/< acetic acid for 10 min. Then only

the dark-stained ti|»s were squashed and the telo- x = 10 (Fig. 3C) is the most frequent (ca. 2.5<7r of

phases (2C l)N A content) were studied with the aid the studied species), followed by x = (ca. 0..TO

of the studied species), and the sporadic increasing

05) using the two wavelength method published by deviates x = 12. 13. and II (Table I).

In our analysis of the distribution of the basic

chromosome number a = 11 in the asclepiad sub-
published by Crcilhuber (1986). The DNA values families, tribes, and subtribes neither the Periplo-

were obtained on the basis of optical density. This coideae nor the Seeamonoideae contained any de-

was converted to pg according to Patau (1952). 1/- viating numbers (Table I, Kig. 2, Appendix 1). The
Hum tepa (2C DNA content = 33.5 pg [Bennett & same situation is found in the basal Asclepiadoi-

Smith, I97(>|) was taken as standard.

Ornstein (1952) and Patau (1952), and the wave-

lengths \ max. = 575 tun and \/2 = 510 nm as

Results

UIHOMOSOMK\t MIIERS

leae tribes Fockeeae and Marsdenieae. the large

Ceropegieae, and also in Aselepiadeae in the sub-

tribes Gonolobineae, Asclepiadinae, and Tylopbor-

inae (Table 1. Kig. 2, Appendix 1). All known de-

viating numbers are scattered among tin irec

Karvological information for 672 species, repre- Aselepiadeae subtribes Astephaninae, Metastelmi-
senting ca. 24 r

/r. of the three subfamilies Asclepia- nae. and Oxypetalineae (Table 1, Appendix I). No
doideae, Periplocoideae, and Seeamonoideae in 101 taxonomic subunit above generic level is cbarac-
gencra, representing ca. 447r, and belonging to 740 terized by a basic number deviating from a = II.

but single genera like Microloma (Kig. 3C) and Fu-

nastrum, except E crispum (cf. Appendix 1), share
appear with locality data and vouchers in the com- exclusively x = 10 chromosomes (Albers et al.,

pilation of Appendix 1 (unmarked), together with

taxa altogether is summarized in Table 1. The chro-

mosome numbers of 200 taxa are new to science and

1993).

new counts confirming or completing earlier counts

(preceded by #). For all counts, also including

previously published chromosome numbers of both

our and foreign counts, consult the expanded version

ron N.oim

of Appendix 1 under ww w

15 iologie/botanik/Ag Albers. htm> or <http://www.

uni-bayrcuth.de/departments/planta2/>.

The basic chromosome unmix t x

In the Periplocoideae and Seeamonoideae poly-

ploidy occurs only as autoploidy, as simple dou-

bling of 2/i = 22 (Table 1). These genomes with 2//

= 44 arc only known from a few Raphionacme spe-

I 1 is by far cies (Kig. 2A), Periploca visciformis, and from one
the most predominant number in Asclepiadoideae, individual of Secamone parviftora (Appendix 1).

Periplocoideae. and Seeamonoideae (Table 1; Kig. Approximately 6% of the species in tl le asc\sclc-

2); only ca. 3.5% of the studied species and taxa piadoideae arc polyploids (Tabic 1). Polyploidy is
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known to occur in 17 genera and is based on x = possessing secondary constrictions with satellites is

11. except for the single determination of 2n = 40 the rule as shown in Figure 2 A for Raphionacme

for Tweedia brunonis (Asclepiadeae, Oxypetalinae, hirsuta, and in Albers (1983: fig. 2a, p. 797) for

Appendix 1). Some 85% of these polyploids an* Brack ystelma dinteri Schltr. lleterochromatic re-

tetraploid (2/? = 44) and 12% are hexaploid (2// = gions, which have an affinity for Giemsa C-handing

66). The remaining instances of polyploi*ly include stain are consistent!) located on both sides ol the

dodecaploidy (2n = 132) in the stapeliad Caral- centromere (Albers, 1983: fig. 2b, c) and are there-

luma burchardii subsp. burchardii (Ceropegicae) lore of poor taxonomic value. However, the size ol

(Meve, 1995a) and deeatetraploidy in the twiner chromosomes varies considerably throughout the

Tylophora anomala N. E. Br. (Asclepiadeae, Tylo- subfamilies and tribes studied (Figs. 1 and 2).

phorinae) (Meve, 1999). The latter taxon also in- Single chromosome length varies from ca. 0.6

eludes the highest number ever found. 2n = 154. |xm (sometimes less) to 1.7 |xm (in rare cases more

in an isolated cytotype on Mt. Cameroon, whereas than 2.0 |xin) comparing the tribes and subfamilies

the frequent East African representative of this spe- (Fig. 1). Within a single karyotype the chromo-

cies is hexaploid with 2/? = 66 (Meve. 1009). The somes are comparatively similar in size. Only rarely

majority of polyploids are present in the tribe Cer- were heterogeneous karyotypes found where chro-

opegieae, where 9.3% of the species (8.3% of the mosome sizes varied considerably (e.g.. Microloma

taxa) were found to be polyploid (Table 1, Fig. l\\i). incanum: min. 0.68 —max. 1.12 [xm, Fig. 3C; llcl-

Stem-succulent stapeliad genera like 4 Duvalia, Or- erostemma herberti: min. 0.8 —max. 1.1 |xm. Meve,

feeo, and Stapelia have especially high percentages unpublished). In other cases, just one pair of chio-

of polyploid taxa (cf. Albers & Meve. 1991). The mosomes is ca. 30% larger than all the remaining,

genus Duvalia in southern Africa, in particular, is similarly smaller chromosomes (e.g., Glossonema

a classic example of a polyploid complex including boveanum, Pentarrhinum insipidum) (Appendix 1).

several tetraploids and two hexaploids, and con- The chromosomes of polyploid taxa are usually

tributes considerably to the understandin i_
r o f phv smaller- than those of diploid ones. This behavior is

logenv and biogeography of Duvalia and the Afri- repeated in infraspecific polyploid units, individu-

can stapeliads in general since polyploidy is a als, or mixoploid tissue.

uni-directional event (Meve, 1997a) Some general tendencies at subfamilial. tribal.

Infraspecific polyploidy is comparatively rare in and subtribal level can be recognized. However, it

the groups investigated. We did not find it in Per- should be kept in mind that sample sizes vary con-

iplocoideae, and only once in Secamonoideae {Se- siderably. This is so because most species arc rare-

camone parviflora, Appendix 1). In Asclepiadoi- ly collected at all, are difficult to transplant I mm
deae, especially Ceropegieae, it is less rare, but can the wild, and set seed only sporadically. Only spe-

be restricted to individuals (cf. Huernia keniensis, cies with succulent stems (stapeliads), tubers (e.g..

Appendix 1). Also, mixoploid individuals occur Raphionacme). etc.. are well represented in collec-

with single sections of the root tip merislem being lions, whereas the majority of species in all three

polyploid instead of diploid (e.g.. Carattuma ad- subfamilies are lianas or herbaceous vines without

scendens var. gracilis: Fig. 3B, Appendix I; cf. also storage organs. Therefore, access to living material.

Albers & Meve, 1991). In some cases the different especially taxa of the subfamily Periplocoideae and

levels characterize infraspecific taxa. e.g.. in Car- Secamonoideae (but also New World taxa), is re-

alluma burchardii (Meve, 1995a). Duvalia sulcata stricted, and data concerning their chromosomes

(Meve, 1997a), Ceropegia racemosa, and Orbeopsis are in part rather limited despite all efforts made

gerstneri (Appendix 1), and in Sarcostemma virnin- to obtain as much material as possible. As far as

ale, where the subspecies thunbergii is a tetraploid known, the average chromosome length in Periplo-

(Liede & Meve, 1993) while the other seven sub-

species are all diploid (Liede & Meve, 1905: Meve

& Liede, 1996; Appendix 1).

^ x/CIIUOMOSOMKMOKlMtOLOO

coideae differs between various genera. Whereas in

Periploca, Petopentiu, and Stomatostemma chro-

mosomes are on the average about 1 |xm long, those

of Raphionacme, Taccazea, and Schlechterella (inch

Triodoglossum) are strikingly larger (ca. 1.5 |xm;

Kig. I). The few chromosome sizes known for se-

Chromosomes of the groups under discussion are camonoid taxa reach on the average 1.25 (xm in

morphologically rather homogeneous. Chromo- length. This size is similar to that in some Periplo-

somes are typically (sub)metacentric, rarely aero- coideae. On the average, however, secamonoid

centric, and their karyograms offer very little vari- chromosomes are slightly smaller (Fig. 1).

ation. One pair of chromosomes per genome The large subfamily Asclepiadoideac comprises
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Figure 1.

Periplocoid. Secamoneae Fockeeae Marsdenieae Ceropegieae Asclepiadeae

Average chromosome lengths in subfamily IVriplocoicleae (vertically striped column), Seeamononieai)id

(horizontally striped column), and Asclepiadoideae (gray columns) with the four tribes Fockeeae, Marsdenieae, Cero-
pegieae, and Asclepiadeae. The ranges are in IVriplocoideae: x (min. 1.06 nan \Stomatostemma\ —max. 1.61 |xm

[Raphfonacme]), number of samples: 12; Secamonoideae: x (min. 1.13 pm—max. 1.34 pm), number of samples: 3
Secamone; Kockeeae: x (min. 1.15 pm \Cibirhiza\ —max. 1.27 pm \Foekea\), number of samples: 3; Marsdenieae: x
(min. 0.9] (Jim \Hoya\ —max. 1.44 pan [Telosma]), number of samples: 17; Ceropegieae: x (min. 0.68 pm {Dumlian-
dra] —max. 1.72 pan [Neosehumannia]), number of samples: 176; Asclepiadeae: x (min. 0.74 |xm [I'hilibertia] —max.
1.15 pm [Gomphocarpus |), number of samples: 55.

the lour tribes Kockeeae, Marsdenieae, Cerope- size, but as the size of the genera increases, vari-

gieae, and Asclepiadeae. The (ionolobeae, which ation proportionally increases in some genera. For

were earlier considered to be a tribe of their own, example, in the large genus Ceropegia, the average

were transferred b\ Liede (1997) as subtribe (ion- chromosome length varies between 0.8 |xm (C. oe-

olobinae to the Asclepiadeae. The chromosomes of ride n talus) and ea. 1.5 pin ((]. rupicola; Move &
the Kockeeae have an average length of 1.20 pm, Albers, unpublished). A similiar pattern is found in

which is not much shorter than in the Secamono- Brachystelma with averages of 0.78 pm in li. fili-

ideae (1.24 pm. Fig. 1). The chromosome lengths folia and 1.48 pm in li. Imrchellii (Move & Liede,

in the remaining tribes are on average smaller, be- 2001a). Chromosomes in most species and genera
ing 1.12 pin in Marsdenieae, 1.01 pm in Cerope- of the Ceropegieae, however, have an average

gieae, and 0.92 pm in Asclepiadeae (Fig. 1). The length of around I pin (Fig. I). Noteworthy outliers

situation in the tribe Marsdenieae is similar to the at the lower end are the genera Dwaliandra and
two groups presented above: parts of the genera h>ptadenia. In the monotypie stapeliad genus />//-

Telosma and Mondenia have rather large ehromo- valiandni conspicuously small chromosomes (0.68

somes (ea. 1.4 pin on the average, but just 1.12 pm) were found. In Leptadenia (two species inves-

pm in the depicted Telosma accedens, Fig. 2D), tigated, ef. Appendix 1), the average length is 0.72

vvbil e a outer marsdeniads investigated havell pin (Meve & Albers, unpublished). Relatively large

smaller chromosomes around 1 pm. The best stud- chromosome sizes are found in species expressing

ied group is the tribe Ceropegieae, when 4 the stem- evolutionarily basic morphological characters (Car-

succulent representatives such as Caralluma, aUuma edulis, C. sinaica
|

1 .40 pm, Huesmann,
Uttemia, Orbea, Stapelia, etc., tin* "stapeliads," 1993 1, Ceropegia sankuruensis [1.37 pm; Meve, un-

represent the main stock of species (ea. 350), fol- published!). The largest chromosomes of the whole
lowed by Ceropegia (180) and Brachystelma (ea. tribe (1.72 pm on the average) were observed in

100 species). Almost 90% of the stapeliad species Neosehumannia kamerunensis (Meve, 1997b). This
and infraspeeifie taxa are karyologically known, the strong twiner is isolated from all other species of

best characterized group in the family. The smaller the tribe by its 3-seriate corona. Meve (1995b) con-

genera such as Hoodia, Stapelianthus, or Tridentea sidered Neosehumannia to be primitive in the Cer-

are usually rather homogeneous as to chromosome opegieae based on morphological characters. With-
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in the Ceropegieac, genera with a twining, than ours. The reasons for these deviations are mi-

non-suceulent habit, such as Heterostemma, Ia j />- cl

tadenia, or Orthanthera, form a heterogeneous as-

semblage around the stapeliads and their relatives GEOGRAPHICALDISTRIBUTION OF DIFFERENT BASIC

such as Brachystelma and Ceropegia. In contrast to CHROMOSOMENtMHKRS
Ceropegia and the stapeliads, chromosomes in Het-

erostemma, Leptadenia, and Orthanthera are on av-

erage ca. 0.25 |xm smaller.

We have contributed most to the karyological

knowledge in African Asclepiadoideae since the

The smallest chromosomes, however, are found emphasis of our ongoing study was on the Cero-

in the Asclepiadeae (Fig. 1), in particular the sub- pegieae. In contrast, in other regions of the world

tribes Asclepiadinae, Astephaninae, Metastelmi- there are still many gaps in the data. Despite this

nae, and Oxypetalinae (ranging from 0.7 to 1.15 geographically biased data set of basic chromosome

Urn on the average). Usually, their chromosomes are numbers, some summary can be made to show their

less than I |ULm long. Only in one subtribe of the
diversity in the different regions of the world (Table

Asclepiadeae, the Gonolobinae, arc chromosomes '*

on the average larger than 1.05 (xm.

Comparing average chromosome lengths in the

three subfamilies as well as those for the tribes ol

the Asclepiadoideae, a general tendency ol size re-

duction can be seen (Figs. 1, 2). Stepwise, starting

with the presumably most primitive subfamily Per-

iplocoideae to the higher evolved Asclepiadoideae,

and within the latter subfamily starting with the

most primitive Fockeeae to the most advanced As-

clepiadeae, a decrease in chromosome size has tak-

en place (Fig. 1). Chromosome size evolution recurs

in a similar pattern within lower units such as sub-

tribes or groups of related genera as such as the

stapeliads.

2c DNA VALUES

The relative 2C DNA values (or over 30 taxa ol

The Asclepiadoideae are worldwide in distribu-

tion, whereas the primitive Periplocoideae and Se-

camonoideae are restricted to the Old World. No-

tably, all taxa investigated of the latter two

subfamilies, arid also the basal Fockeeae of the As-

clepiadoideae, have x — 11, large* chromosomes,

and they all come from Africa (only one species

from Arabia).

In Europe, Madagascar, and Australia only the

basic number x = 1 1 is known. In the best studied

area. Africa, just a single genus, the southern Af-

rican Microloma, has the deviating basic chromo-

some 1 number of* = 10 (Albers et al., 1003). The

African PerUarrhinum insipid um is variable* in its

basic chromosome number (x = 9, 11, and 12),

although the 2n = 18 reported from Burundi (Ren-

ard et al., 1983) remains mysterious because oth-

erwise only increased numbers have been found for

this species. Additionally, Jt = 13 has been counted
Caralluma, Ceropegia, Duvalia, Orbea, Stapelian-

Qnce by | {ramwel | et a] . ( 1972 ) for Calotropis pro-

eera from the Cape Verde Islands, whereas Borgen

(1975) confirmed the counts of x — 1 I found also

karyeHype lengths (cf. Huesmann, 1993). All our b ()lher aul l lors ( e>g ^ Bhattaeharya et al., 1971).

thus, and Tridentea have been cytophotometricallj

determined in our lab and compared le> the average

stuelies showed a good correlation between the twe> We alse) counted x I 1 for the same taxon and
parameters of DNA content and chromosome size. even f roni Qape Verde. In all cases where counts

For example, in the Caralluma complex we found f 2n = 21 have been found, 2 B-chromosomes are

for C. umhellata 0.82 pg/20.4 |xm, C. diffusa 1.18 mos , likely responsible, due te> their inconsistency

pg/27.6 fim, C. europaea 1.38 pg/33.7 p,m, C. sar- f occurrence; variation between 2n = 22 and 2n

kariae 1.43 pg/Ui.9 fim, C. turned 1.50 pg/24.3 21 occurs among populations (Pentarrhinurn in-

|xm, and for C. edidis 1.83 pg/27.8 jjliii (Huesmann, sipidum) and also within populations (e.g., Bra-

1993). The differences between some of these val- chystelma mortonii, Appendix 1) corroborating this

Lies are considerable, supporting, for example, the 1 concept (e'f. Rees, 1974). One or two B-ehromo-

separation of \ Caralluma s.l. into a handful e>f small- somes have been found to occur commonly in Hoya

(Nakamura. 1993). In Asia the percentage of spe-er genera as will be proposed by Meve and Liede

12 I lave oeeni(unpublished) based on DNA sequence data. De- cies with deviating numbers (x =

terminations of 4C DNA values, as investigated by repented for, e.g., Heterostemma tanjorense Wight &
Pattnaik e*t al. (1997) for six stapeliad species, were Arn.

[
Navaneetham, 1981] or Tylophora asthmatira

not studieel by us. Whereas the karye>type lengths Wight & Arn. [Sreedevi & Numboodiri, 1977]), is

measured by these authors are in the range' of our slightly higher than in the rest of the Olel World,

results, the DNAvalues estimated are by far higher but strikingly different from the situation found in
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Figure 3.

2//

2n

Mitotic metaphase chromosomes of Asclepiadoideae in the light microscope. —

22 (Liede ,1250). —B. Carattuma adseendens var. gracilis, 2n = 44 (Sarkaria 32-90).

20 (Albers & Meve 88). (A: ca. 1350X; H: ca. 500X; C: ca. 24O0X; for vouchers see Appendix 1.)

A. Ceropegia c u nungiana,

—C. Micmloma incamtm.

the New World (Table 2). Here, one fifth of the inflated by the relatively high number of karyolog-

species in North America (inch Mexico) and more ically studied species in the genera Pachypodium

than one third in southern Central and South Ainer- and Strophanthiis. At present karyological infor-

ica have derived, predominantly decreased niim- mation is only available for 211 species (149c) of

bers (e.g., Grisebachiella, Orthosia, Philibertia; Ap- Apocynaceae s. sir. from 73 genera (40%) (van der

pendix 1). It seems that chromosomal evolution Laan & Arends, 1985; Albers. unpublished data).

with respect to the basic numbers has begun a new Although this rate seems rather poor, it represents

stage in the New World. quite a typical situation for a family with predom-

inantly woody species (e.g., Khrendorfcr, 1982).

The only basic chromosome number in the Per-

iplocoideae and Secamonoideae is x = IK which

is also bv far the most common situation in the

Discission

Different basic chromosome numbers often dis-

criminate 1 a taxon into separate taxonomical sub-

units such as families, tribes, or genera (various
Asclepiadoideae. Comparing these basic chromo-

examples are given in Stace, 1989). Many studies
s

;

,me numbers with those of the Apocynaceae s. str.

have demonstrated the taxonomic value of basic

chromosome numbers even at infrageneric level chromosome numbers occur much less frequently

there is one striking difference: deviating basic

(e.g., Pelargonium: Albers et aL 1992: Moraea:

Goldblatt. 197 L 1986). As van der Laan and Ar-

ends (1985) indicated, the basic number .y = 11 is

the most frequent number in Apocynaceae s. sir.

in Asclepiadoideae with only about 4% compared

with 40% in the other two subfamilies Apocyno-

ideae and Rauvolfioideae.

The relatively frequent occurrence of different

(Apocynoideae & Kauvolfioideae). Approximately basic numbers in various tribes and subtribes of

60% of the species they studied have this number, both Apocynoideae and Rauvolfioideae points to

but 40% deviate (van der Laan & Arends, 1985). parallel genome evolution (van der Laan & Arends,

10, 9, 8, 7, and 6 have evolved 1985). The main developments have taken placeTl ie rummers .vI

by descending aneuploidy. whereas x = 12 is an repeatedly but independently.

In Apocynaceae s. str. polyploid) is onlj known

One fifth of all studied species contain the deviat- to occur in nine genera (van der Laan & Arends.

1985). In total, 13% of the Apocynaceae s. str. are

increasing number (van der Laan & Arends, 1985).

ing number a = 9. This high proportion nngiehl I >e

Figure 2. Squash preparations of mitotic metaphase plates (camera lucida drawings). —A. Periplocoideae: Raphion-

acme hirsuta {2n = 44, two satellites marked by arrows. Venter 91 JO). —8. Secamonoideae: Secamone punctulata (2n

= 22, Hemp s.n.). —C. Asclepiadoideae, Lockeeae: Cibirhiza dhofarensis (2n = 22, Butler s.n.). —I). Asclepiadoideae,

Marsdenieae: Telosma aecedens (2n = 22. Schneidt 96-45). —K. Asclepiadoideae. Ceropegieae: AngoUuma denboefii

(2n = 22, Masinde 889). —K Asclepiadoideae, Asclepiadinae: Sarcostemma viminale suhsp. odontolepis (2n = 22,

Mere £ Liede .1154). (bar = 10 \xm; for vouchers see Appendix 1.)
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Table 2. Ideographical (listribution ol basic chromosome numbers in IVriplocoideae, Secamonoideae, and Asele-

piadoideae (Apoe\ riaeeae).

Region

Old World

Africa «X Arabia

Europe

Asia

Australia i

Madagascar

New World

North America incl. Mexico

S Central «.K Soulh America

No. of

taxa 1

studied

496

83

30

\ <>

0.2

10

1 Each laxon is scored in every region of its occurrence.

Basic chromosome numbers of karvologicallv

known taxa in percentages

x 10

0.8

18.9

23.3

11

08.6

100

95.2

100

100

HI. I

12 13

0.2

1.8

0.2

I 1

3.3

polyploids, which is comparatively little (ef. Mor- ly based on allopolyploidy, is rare in the entire

ton, 1900). All basic chromosome numbers are in- family (ef. Pinkava et al., 1985).

volved in different polyploid series. The highest Van der Laan and A rends (1985) observed that

number ever counted are the ea. 180 chromosomes most chromosomes of Apoeynaeeae s. str. (Apocy-

ol Alyxia (van der Laan & Arends, 1985). The sit- noideae and Kauvolfioideae) species fall in the

nation in Aselepiadoideae is very similar, but the range of 1 to 2 jxni in length. Considerably longer

degree of polyploids is even low er. with only around chromosomes are found only in the tribes Alston-

6%. Only in the Ceropegieae, which are dominated ieae and Plumerieae (Vallesia and Allamanda, up
by the stem-succulent stapeliads, does polyploidy to 3 |xm long) and Tabernaemontaneae (Tabernae-

increase to about 10%, supporting the old hypoth- montana and Voacanga, up to 3.5. jxm long) of the

esis of the better ability of polyploids al colonizing Kauvolfioideae (data extracted from van der Laan

new areas and being more hardy in less favorable & Arends, 1985; tribal disposition sensu Kndress

habitats (e.g., Stebbins, 1985). However, compared & Hruyns, 2000), and could indicate a similar trend

to the 27.9% polyploid taxa in Cactaceae (Pinkava in Aselepiadoideae. with larger chromosomes being

et al., 1985). it cannot be argued that polyploidy predominantly confined to basal taxonomie units,

really played an important role in stapeliad evolu- On the average, however, there is no noticeable dic-

tionary history. This might be true only on a more

regional scale. The stapeliads had their evolution- families of Apoeynaeeae s. str. In both, average

ary center in northeastern Africa (Meve, 1997a), chromosome length is around 1.5 |xm. The chro-

but they formed a secondary center in southern Af- mosomes of the generallv woody Apoeynaeeae s.

lerence in chromosome length between the two sub-

r w m w

rica, where the majority of stapeliad polyploids are str. can be considered as small and are in the same
distributed (Albers. 1983; Albers & Meve, 1991, ratige as those of the IVriplocoideae, Secamono-
unpublished data). Here, rapid speciation took ideae, and some tribes of the Aselepiadoideae.

place accompanied not by derivation of chromo- Pattnaik et al. (1997). Raynaud (1991), and Nak-
some number but instead by an increase in poly- amura (1991) published measurements of similar

ploidization events. This means that speciation here sizes for some stapeliads. However, the analysis of

has taken place only at the level of chromosome Pattnaik et al. ( 1997: Table I . p. 89) revealed larger

and not of the karyotype (genome evolution). In rather than smaller chromosomes in tetraploids as

contrast, the Apoeynaeeae s. str. have been more compared with diploids. For example, Pattnaik

successful with derived numbers (karyotype evo- gave the karyotype length for Orbea pnradoxa as

lution). 01.54 pjn. whereas we measured 42.91 |im (Albers

Tetraploidy is by far the most frequent polyploid & Meve, unpublished). This surprising differences

condition in both Apoeynaeeae s. str. and Ascle- which is even higher when comparing tetraploids

piadoideae. In general, the letraploid condition is illi diploids of Orbed rariegata, remains unex-

plained.

Comparing chromosome size in the Periplocoi-

parl from this, since infraspecific polyploidy, main- deae, Secamonoideae. and Aselepiadoideae, on av-

considered to be the most successful in higher

plants (DeWet. 1980). Even Cactaceae do not de-
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il I the kc liminislerage trie size oi me kaiyoty|>e diminishes stepwise taxonomie solutions for this heterogeneous assem-

starting with rather large chromosomes in the basal blage of species. In particular, C. edulis (ca. 1 .5

Periplocoideae and ending with the smallest kar- |xm) and C. sinaica (ca. 1.3 |xm, Albers & Meve.

yotype length in the presumedly most advanced unpublished data), which came out as a separate

tribe of the Asclepidoideae, the Asclepiadeae. In group in molecular studies (Meve cK Liede. unpub-

the asclepiads reduction of the genome size (x — lished data), are additionally characterized by their

10. x 9) is restricted to the tribe Asclepiadeae, large chromosomes. As to the direction in chro-

which is also the only group characterized by hav- mosome size evolution (from large to small) in the

ing pendent pollinia. All other taxa (Secamono- Asclepiadoideae as postulated above, the results we

ideae, Fockeeae, Marsdenieae. and Ceropegieae) have for Neoschumannia support our ideas. Neo-

schumannia, which has the largest chromosomes in

subfamily Asclepiadoideae (1.72 [xm in N. kamc-

I Ilave the conserved x = 11, and an* characterized

by having erect pollinia. The erect position of pol-

linia has been shown to represent the primitive r linens is) but a complex corona that is 3-seriate, has

state in Asclepiadoideae by Kunze's (1993) careful been regarded as a primitive member of the Cero-

morphological analysis. Within the tribe Asclepi- pegieae (Meve, 1995b, 1997b).

adeae, subtribe Gonolobineae can be regarded as In Marsdenieae we again have support for the

the karyological ly most primitive, since its chin- hypothesis that basal taxa tend to have large chro-

mosomes are on the average slightly more than 1 mosomes, since Omlor (1998) regarded the genera

(xm long —the largest in Asclepiadeae, and ap- Marsdenia and Telosma (those with large chromo-

proaching the length of those in the Ceropegieae. somes) as basal in the tribe. In contrast, the highly

Gonolobinae also do not have numbers deviating diverse and specialized Asian/Australian genus

from x = II. This is an interesting result lor the Hoya, where many of the up to 300 species (Foreter

systematica of the subfamily Asclepiadoideae. since et al.. 1998) show r derived features as such as lier-

erect as well as more or less pendent, but mostly baceous epiphytic growth, succulent leaves, clear

horizontally arranged pollinia have been reported latex, and a germination crest along the inner edge

for the Gonolobinae (cf. Kunze, 1995). Thus, both of the pollinium, possesses rather small chromo-

pollinarium morphology as well as karyological data somes (0.91 jxin on average for the genus. Fig. 1;

provide* evidence for a basal position of the Gono- for sizes of Hoya chromosomes see also Nakamura,

lobinae within the Asclepiadeae, and the results of 1992, 1993).

the large cp DNA study by Potgieter and Albert

(2001 this volume) do not refute this. Because they chromosome numbers and of the different karyo-

are restricted to the most advanced groups of the type sizes in Asclepiadoideae, our data suggest \(-

Asclepiadoideae, the subtribes Astephaninae, Me- rica as the common area where (karyotype) evolu-

tastelminae, and Oxypetalinae of Asclepiadeae, we tion began. This conclusion coincides with that of

van der Laan and Annuls (1985) for Apocynoideae

and Rauvolfioideae. where most of the genera with

derived basic chromosome numbers occur outside

Considering the distribution patterns of basic

regard reductions in the 4 basic chromosome number

as a relatively recent step in genome evolution

within Asclepiadeae, which has taken place in par-

allel in the Old World (Astephaninae) and the New the African continent (cf. Catharanthus and Apoc-

World (Metastelminae and Oxypetalinae). ynum (x = 8) in Madagascar, the Middle Fast, and

Variation in the karyotype length is not restricted North America; Plumeria and Aliamanda (x <»

to the tribal level: it is also widespread at the ge- in the Americas: Odontodynia and Beaumontia (x

neric level. In large genera, e.g., Ceropegia and 12) in America and Asia). Of the ca. 40 genera

Brachystelma, karyotype lengths can vary consid- of Apocynaceae s. str. occurring in Africa, 35 have 1

erably from species to species, without compromis- been karyologically investigated. Of these, only 3

ing the generic affiliation of species with deviating are not characterized by x = 11, again supporting

chromosome size, such as Brack) stelma (Macrope- the idea of an African origin of the Apocynaceae

talum) burchellii (cf. Meve & Liede, 2001a). In s.l.

small genera or groups of species considerable dif-

ferences in chromosome size between the species

might, however, question congeneric treatments.

For example, the inclusion of Larryleachia (1.40

[xm/chromosome length on average) in Lavrania

(0.91 |xm), as proposed by Bruyns (1999). is re-

jected by Meve and Liede (2001b). And in Carol-

luma s.l. karyotype length analysis will support new
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SUBTRIBE ASTEPHANINAE
(APOCYNACEAE
ASCLEPIADOIDEAE)
RECONSIDERED:NEW
EVIDENCE BASEDON epDPsfA

SPACERS'

Sigrid Liede 4

Abstract

The circumscription of the subtribe Astephaninae has a complex and convoluted history due in part to a scarcity of

readily observed distinctive morphological characters. In this study the subtribe Astephaninae, as hitherto defined by

morphological characters, is reexamined using sequences of the tni\-\. and trnh-F spacer, as well as the tm\. intron

for 12 of its 15 genera. Eustegia is found to occupy an isolated basal position in the tribe Asclepiadeae, and Scluzos-

tephanus is transferred to the Metastelminae. The remaining 10 genera fall into two only distantly related clades of 3

and 7 genera, respectively. The Astephaninae s. str. comprise only 3 South African genera, Astephanus s. sir., Mieroloma,

and Oncinema. The other 7 genera form a well-supported clade, the subtribe Tylophorinae. Both groups comprise only

Old World genera. All New World taxa studied, even those that have never been formally excluded from Astephanus,

are found in a distinct, well-supported New World Metastelminae clade. Based on the results presented here one of

the key characters of the asclepiads —the corona —has been lost independently at least twice: once in the south African

Astephaninae, and once in the New World Metastelminae. This once again underscores the extreme lability ol this

morphologically complex organ, as well as the difficulties in assessing homology in the asclepiads. A corollary classi-

fication of the Asclepiadeae is provided as an Appendix.

Key words: Apocynaceae-Asclepiadoideae, Astephaninae, trnL intron, traT-L and trnh-F spacer.

tion in the Apoeynaeeae s.l. according to recent

The tribe Asclepiadeae, morphologically char- Henrya Hemsl. (another synonym of Tylophora)

acterized by pendent pollinia and the possession of from Asia, as well as Amhlystigma Benth., Ksmer-

true styles (Swarupanandan et aL, 1996), forms a aldia E. Fourn. (a synonym of Metastelma R. Br.),

monophyletic group occupying an advanced posi- Hemipogon Decne., MUmtigma Decne., and Nau-

tonui Decne. all from South America. Astephanus,

molecular studies (Sennblad, 1997; Civeyrel et al., founded by Brown (1810) exclusively on southern

199H). The relationships among the ca. 100 Ascle- African material and regarded by him as a (lose

piadeae genera, however, are much less (dear. relative of Mieroloma (Brown, 1810), was soon ex-

Schumann (1895) distinguished live subtribes using tended to contain American taxa without a corona,

exclusively corona characters. In an attempt to de- However, since the absence of a feature —in this

fine subtribes on a broader range of apomorphic case the corona —is not meaningful as an indication

characters Liede (1997) also recognized five of relationship, both the circumscription of the sub-

groups, but with a largely different composition. As tribe Astephaninae and of the genus Astephanus

a sixth subtribe, she added the Gonolobinae follow- were in need of reexamination.

ing Swarupanandan et al. (1996). Most experts now agree that Astephanus s. str. is

The subtribe Astephaninae Kndl. ex Meisn. restricted to the Old World and comprises only

(1840) originally contained only three genera: As- three species (A. marginatus Scbltr., A. neglect us

tephanus K. Br., Huemax E. Mey. (a synonym of Scbltr., and A. triflorus R. Br.) as stated in Liede

Astephanus), and Hybanthera Endl. (a synonym of (1994). Most of the New World members formerly

Tylophora R. Br.). Schumann (1895) considered the included in the genus Astephanus have been inter-

subtribe to comprise nine genera: Mieroloma R. Br. preted meanwhile as species with a reduced corona

from southern Africa, Adelostemma Hook. (., and within various currently recognized genera with

1 Thanks are due to Mark Chase, Kew, for three DNAsamples, and to Ashley Nicholas, Pietermaritzburg, and Josefine

Schneidt, Edinburgh, for two leaf samples each. The Missouri Botanical Garden Herbarium granted permission for the

use of three specimens for this study. Angelika Timber, Bayreuth, skillfully conducted the laboratory research, and

Ulrich Meve, Bayreuth, supported the research during all stages of progress.

1 Department of Botany, University of Bayreuth, 95444 bayreuth, Germany, sigrid. I iedeC«>uni-bay reuth.de.

Ann. Missouri Bor. Card. 88: 657-668. 2001.


